It is now commonly accepted that the management of flood risks has to be fulfilled within an integrated framework. About two decades ago flood risk was managed from a limited perspective predominantly by means of structural measures aiming at flood control. In contrast to that integrated flood risk management incorporates the complete management cycle consisting of the phases prevention, protection and preparedness. In theory it is a well described concept. In the stage of implementation, however, there is often a lack of support although a consistent policy framework exists. Consequently, the degree of implementation must be rated as inadequate in many cases. In particular this refers to the elements which focus on preparedness and prevention. The study to which this paper refers emphasises the means and potentials of scenario technique to foster the implementation of potentially appropriate measures and new societal arrangements when applied in the framework of integrated flood risk management.
able intensity causing a non-predictable flooding of dramatic magnitude. An ad-hoc panel under the responsibility of the 'Länderarbeitsgemeinschaft Wasser' (LAWA) was assigned with an analysis of the flood disaster and the revision of the 'Guidelines for forward-looking flood protection' (LAWA, 1995) which provides the framework for IFRM in Germany. It concluded that the guidelines themselves remain valid to constitute a consistent policy document. But at the same time there is the need for instruments and recommendations for actions aiming at a better implementation of these guidelines (LAWA, 2004) . Water levels of historical magnitudes caused an overflow and subsequent dike burst at 131 locations on German territory. This event significantly exceeded the design flood, for which retarding basins located within the sub-catchments of the River Elbe were dimensioned. But it was not only the failure of structural-measures which has primarily caused the outstanding damages. Main criticism of the ad-hoc panel refers to the insufficient implementation of non-structural measures aiming at the prevention of flood damage. Although there are existing regulations to control land use within the natural floodplains they were little enforced. In some cases development plans created possibilities for new housing within natural floodplains. The panel attested the decision makers and the population a lack of sensibility and awareness. Many citizens even did not know that their houses were potentially exposed to flood loss and consequently no individual arrangements for protection were made.
Support for policy aiming at the prevention of flood damage
Structural measures that protect human assets in flood prone areas are apparently easier to be communicated to the general public. They simply suggest new, albeit illusive possibilities for spatial development. In contrast support for preventative measures, e.g. restricting the reoccupation of flood areas, is much harder to gain. Human activities must make way for natural development. Limitations must be imposed because land will be used for water storage. But in the long-term, particularly the preventative measures foster a sustainable development. The Elbe case study is one example in which governmental bodies have failed to balance the resulting constraints and tradeoffs on the short-term and to promote the advantages over the long-term. This was already argued by Canby (1980) 26 years ago. His article argues that the shift away from flood control structures towards political solutions is not an engineering problem, it is the people. In this study it is argued that an integrated approach to flood risk management is a matter of continuous interaction between 'water' and 'society' which must be rated as awkward in many cases. Measures must match the social context. Support for the policy is essential but cannot be created. It requires trust in the government (Geldof, 2005) and therefore public participation is considered as a compulsory element of IFRM.
Objective
The retrospective analysis of the Elbe 2002 flood disaster has revealed the need for an instrument to improve the interaction between 'water' and 'society'. The targeted objective of this study is to investigate the means and the potential of scenario technique to interact between 'water' and 'society'. In this way it could foster the implementation of potentially appropriate measures. Firstly, a literature review was carried out; it reveals the state-of-the-art and the specific problem framework within which scenario technique is generally being applied. Secondly, a subsequent investigation demonstrates that means and the potential of scenario technique are transferable to a policy making process in flood risk management that is integrated, sustainable and interactive. Herein the theoretical concept of control is a core element also when applied to the issue of water management by Verbeek & Wind (2001) .
Introduction to scenario technique
Scenarios are no fairy tales or speculations and do not originate from pure imagination. Starting with the present they describe a theoretically infinite number of possible futures. These futures are shaped by the shared knowledge about the existing structure-response relationship of the issue under consideration. They include discontinuities as well as phenomena, which are theoretically not justified, e.g. human decisions. In that way scenarios deal with both, the world of facts and the world of perceptions (Schwartz, 1996) . Scenarios operate in the area of structural uncertainty and explicitly assume the existence of irreducible uncertainty (van der Heijden. 1996) . In German references scenario technique is the mainly used terminology and summarises relevant procedures and methodologies used for the generation, subsequent application and analysis of scenarios. In AngloAmerican references comparable terminology is 'scenario methods', 'scenario thinking' or 'scenario planning'. Over the past decades scenario technique has been primarily advanced by management science where the prime target was always the organisation, the business environment including changes in societal behaviour and the resulting impact back on the organisation's business strategy. But resource management, environmental assessment and the public sector were rapidly catching up with the use of this technique. In particular since science operates under the demand for planning and advising services interest increases in applying scenario technique because it is rooted in both approaches, the soft and hard system approach 1 . In the 1980's scenarios were recommended for understanding trends and used as a form of sensitivity analysis. In the 1990's the focus for scenarios has shifted to find ways of changing mindsets so that managers can anticipate futures and prepare for them (Ringland, 2002) . Ringland (2002) sees the future of applying scenarios in their function as a knowledge management and thinking tool providing a shared environment for the surfacing and discussion of assumptions.
Scenario generation
Scenario technique is no uniform methodology. A multitude of different approaches, methods and tools exists, so that each scenario study is characterised by an individual way of doing it. The shaping factors are the different objectives and targets why the study has been initiated and the particular characteristics of the issue under consideration. Therefore only a description of the basic principles and procedures used for scenario generation will be given here. The generation of scenarios is a team exercise and the composition of the team will strongly influence the scenario outcome. An ensemble of scenarios represents a knowledge base concerning the focal issue whose crisp definition is the first step in scenario generation. Therefore, the resulting ensemble of scenarios will only contain the knowledge and information provided by the team involved in the process. It follows a broad investigation of critical drivers and uncertainties that have an impact on how possible futures might unfold. This phase refers to a process of a skilled hunting and gathering of information (Schwartz, 1996) . Intuitive methods, e.g. brainstorming, interviews or focus groups are frequently used to stimulate the generation of a rich knowledge base. Up to now the outcome is a comprehensive description of the issue including drivers and uncertainties. Now a sort of ranking is required to select the most critical variables. Based on the agreed list of key drivers and critical uncertainties the scenario building team develops and tests the scenario logic using verbal argumentation and reasoning. Scenario generation is similar to system analysis and is also being referred to as a process of 'qualitative causal thinking ' (van der Heijden, 1996) . Like the previous selection of drivers and uncertainties now the team must flesh out a limited number of scenarios that cover the entire space of possible futures, including events and discontinuities, are perceptively different from each other and are plausible and consistent. A storyline will be developed for each scenario including a description of the basic assumptions and the structure-response relationships. Once an ensemble of scenarios is generated it represents a narrative picture of a shared mental model among the team concerning the issue under consideration.
Literature review on scenario applications
A literature review of key references covering the disciplines strategic management, spatial planning, environmental assessment and policy development was carried out in order to obtain an overview about the state-of-the-art in scenario technique applications. Means and potentials were recorded and could be logically structured into the domains 'Knowledge Management', 'Communication' and 'Planning & Decision Support'. Domain Knowledge Management: An ensemble of scenarios represents a knowledge base about the issue under investigation and was built up by all people involved in the scenario generation process. It includes a description of key factors, its structure-response relationship and assumptions that represent branching points for different future pathways. The power of scenarios lies in their ability to logically and causally organise a large range of relevant but seemingly disparate data and information (van der Heijden, 1996) . Here, the story form is used as an old way of organising knowledge (Schwartz, 1996) . Narrative scenarios are the preferential method when it is intended to influence public policy, to facilitate debate and subsequently agreement (Ringland, 2002) . It is the multitude of scenarios that emphasises complexity and the existence of irreducible uncertainty. In that way it helps to reduce an ignorant attitude towards future pathways which seem unthinkable within the present state of information and knowledge. Scenarios are one of the main tools for managing uncertainty and risk. Domain Communication: In the scenario generation process communication is already put on the agenda. Debate is required to take place within the scenario building team. This process must deal with multiple and often divergent perspectives of the team members, each bringing a different culture of thinking and acting into the process. Only this will generate multiple scenarios and despite these differences scenarios create a common language (Ringland, 2002) . Complexity hampers the access to the structure-response relationship and the underlying dynamics of the case. Asking the question 'What if ?' in a disciplined way helps to discover previously hidden system complexity. Even if people develop scenarios for a small, focused situation they discover that it is affected by much larger issues (Schwartz, 1996) . Schwartz (1996) considers scenarios as the most powerful vehicles for challenging our 'mental models' about the world, and lifting the 'blinders' that limit our creativity and resourcefulness. The scenarios' function as a forum for learning -for individualists, teams and corporations -will be the most significant in the long term (Ringland, 2002) . Once the scenarios are generated their presentation to external groups will stimulate feedback and facilitate debate. Similar to a marketing campaign Ringland (2002) recommends conducting an analysis of the target group that provides additional input to the scenario generation process. In that way scenarios are an important tool for synthesising and communicating complex and extensive information to decision makers and the public. Domain Planning and Decision Making: Lagged effects as well as the system dynamics which can suddenly cross thresholds or flip to a new state, require taking a long view in a world of great uncertainty (Schwarz, 1996) . Considering the entire ensemble of scenarios instead of a single most probable forecast corresponds best to a planning process that is assumption-based. The existence of irreducible uncertainty gives rise to different policy and management strategies that gradually respond to changes and fulfil the criteria of robustness at the same time. Robust strategies are those which fulfil the criteria that they remain valid even if the assumptions on which they were based change (Rotmans et al., 2001 ). The Shell Company, for example, is known for applying scenarios as test beds for the robustness of their long-term policy and decisions on large-scale investment projects. But one must keep in mind that it is not a 'Yes / No' answer that can be expected from a scenario (van der Heijden, 1996) .
Conclusions from the literature review
The generation of scenarios and their subsequent application and analysis is a widely applied technique in strategic management, environmental assessment and public policy development. Essential for the application is complexity and the threat of irreducible uncertainty which constitutes the overall problem framework. Beyond that many authors emphasise the importance of the resulting spin-off from the scenario exercise in terms of increasing the perceptual capacities, learning effects within a group or initiating a collaborative and conversation-based process. In environmental assessment scenarios are widely used as a linking tool for quantitative and qualitative modelling exercises. It is argued in this study that both problem frameworks largely intersect with each other, the one defined by IFRM and the other in which scenario technique applications were recorded. This conclusion encourages to suggest scenario technique being a suitable instrument for the application in IFRM. In the following several applications for using scenario technique in IFRM will be proposed which aim at bridging the gap between recommendation and its concrete application in the reality.
The concept of control in water management
The means and power necessary to implement measures or to change current institutional settings are divided between various actors involved in the decision making process. Besides a consistent policy, support for the policy itself is required to achieve control over the developments. In reality achieving control is a complicated matter, and according to Verbeek & Wind (2001) it requires:
Integrated policy making which considers several problems and interdependences between these problems. Sustainable policy making which means that chosen solutions have no negative (side-) effects on the generation to come. Interactive policy making which lets stakeholders actively participate in the process and their contributions must be taken into account when formulating policy options. This will ensure that measures will match the social context. In the Elbe case study it was the consequence of insufficient support that none of the governmental bodies had the necessary control to successfully implement measures aiming at prevention and preparedness. In the following several concrete applications are described in which scenario technique could support a policy making process that is integrated, sustainable and interactive.
Scenario support in integrated and sustainable policy making
As the term 'integrated' is mostly used in the context of sustainability, both are considered to be interwoven and interdependent. It is a major prerequisite for sustainable development to follow an integrated approach. Sustainable policy making and planning as a resulting action from policy must be more than just a reaction on current problems. It is a foresighted action taking into account the much longer runs of issues, decisions and impacts in order to avert any negative (side-) effects for future generations. It is both the limited cognitive capacity of humans that hampers sustainable development within a complex system as well as the presence of irreducible uncertainty due to a lack of knowledge with respect to the structure-response relationship of the system and its context. Climate change is a good example that challenges decision makers with complexity and deep uncertainty. Here the emission scenarios developed by the Intergovernmental Panel on Climate Change (IPCC) became a universal reference for policy development on climate change, for communication with the public and policy makers and input to expert-based impact assessments. They all represent quantitative mappings of underlying narrative storylines. Being quantified they are used as numerical input to climate models to test climate change mitigation strategies. Herein the underlying narrative scenarios are a kind of qualitative model driving the dynamics of the exogenous variables in which the simulation model is embedded. In that way scenario thinking and subsequently numerical analysis generate a better insight into complex systems. In this study it is suggested to develop a similar ensemble of flood risk scenarios for major European river basins, e.g. Rhine, Danube or Elbe. These scenarios will assist in testing policy or decisions on robustness. Because scenario ensembles provide best means to capture information about long term futures (Lempert et al. 2003) they are suitable instruments to test policy and decisions on robustness. Lempert et al. (2003) employ robustness as the appropriate criterion to assess alternative strategies in long-term policy making under deep uncertainty. If used as a universal reference it has the means to foster transnational cooperation on flood risk management as being initiated by the INTERREG Programme of the European Commission. Another example on a more local scale are the two scenario studies initiated by the cities of Rotterdam (The Netherlands) and Bueren (Germany) (see Ringland, 2002) . Both had the aim to create a shared vision of the future for their city or region. The city of Rotterdam has a particular focus on its role as the largest port in the world and its industrial infrastructure. The city of Bueren has around 22,000 inhabitants and decided to examine the future outlook facing the challenges of global competition, changes in the commercial and industrial environment as well as decreasing financial flexibility. Adding flood risk as a key issue these scenario studies could also be adopted by regions or cities where flooding is considered as a threat for their sustainable development. Scenarios are a flexible instrument that can be broadened by new issues of emerging concerns. This feature makes them suitable as an adaptive instrument to take into account the long-term consequences of politician's actions and large scale developments in the contextual environment.
Scenario support in interactive policy making
An integrated approach demands that stakeholders are given a voice and enables their participation in the planning and management process. The need for participation is more than a buy-in to the assessment process (Capistrano, 2005) . Participation contributes to the overall issue of good governance, with the human dimension in a prominent place (Pahl-Wostl, 2005) . Trust, build due to positive experiences in the past is a condition for support. It is this particular ability of scenarios which demands and enables participation at the same time that turns them into a suitable instrument not only to develop policy but also to foster its implementation. Participation in scenario-building can range from passive roles where stakeholders served simply as an audience, to highly interactive experiences where participants were called upon to directly shape, design and validate the scenarios (Capistrano, 2005) . In particular the latter option enables to incorporate the stakeholders' knowledge into the scenario study which Capistrano (2005) evaluates in many cases being more integrated compared to academic analyses. Valuable information is generated which cannot be produced by analytical models or by the expert's opinion only. The narrative form of scenarios fosters active stakeholder participation and enables the stakeholder directly to include his or her knowledge to the scenario building process. Consequently the ensemble of scenarios constitutes a shared problem perception of the scenario building team. A comprehensive summary of reasons for seeking participation in flood risk scenario development is presented in Table 1 .
Instrumental
-Persuade and advocate environmental concerns. To raise awareness and increase knowledge of stakeholders related to flood risk.
-Capture an audience. To help achieve buy-in to the assessment process, e.g. to identify imaginable events ('surprises') that are perceived as uncertain. -Facilitate communication. Discussions around scenarios were used to help explaining assessment findings to various stakeholders groups in a flexible form that related easily to their planning and decision-making concerns.
-Increase the diversity of perspectives. Scientists have only a small range of experiences and interests. Stakeholder participation helps broaden the perspectives that can be included in the scenarios, making them more realistic and robust. -Improve understanding of social processes. To more accurately capture preferences, values, and possible response behaviours. -Ensure relevance. To ensure scenarios relate to the priorities of managers and decision makers. -Testing and validation. To use experimental and contextual knowledge of stakeholders to test causal logic.
Normative -Rights of stakeholders. It should be the right of stakeholders to have their diverse interests represented at the table.
-Experts are short-sighted and biased. Experts and facilitators of scenario exercises should not let their biases predetermine the direction and emphasis of scenarios. Participation helps to mitigate such short-sightedness. Scenarios are no one-time applications. Their success is rather dependent if the first generation and application can be transferred into an ongoing and continuous process. It is the policy of the Shell Company (Shell International, 2005) to share new insights with partners, shareholders and the local communities in which they operate in an annual cycle. In particular in times without any flood events there is a decreasing support for the implementation of measures aiming at the reduction of flood risks. During these times the experts' assessment of exposure to flood risk is mostly not being shared by the general public. Preventative measures are mainly considered as conflictive and restrictive regarding the actors' perspectives for development. It is argued that scenario technique is able to raise awareness and keep the level of support for flood risk policy high.
Discussion and Conclusions
Integrated policy refers to a desirable vision on the long-term. In reality, however, the transition process is burdened with an awkward interaction between 'water' and 'society' due to trade-off's in the short-term. Often this results in a lack of support for the policy which hampers the implementation of potentially appropriate measures aiming at prevention and preparedness. Based on the existing demand for instruments to improve the awkward interaction between 'water' and 'society' this study strongly recommends the application of scenario technique in IFRM. Firstly, a literature review was carried out describing the state-of-the-art applications in scenario technique. The various applications recorded could be logically structured into the domains 'Knowledge Management', 'Communication' and 'Planning & Decision Support'. It is central to this study that these three domains, with the respective scenario technique applications included, are unfolding a problem framework that largely intersects with the particular framework encountered in IFRM. The methodological approach of scenario technique explicitly incorporates the issues of mental models and perception, complexity and irreducible uncertainty; it further links simulation models and a qualitative causal thinking process. Therefore, scenario technique brings along all means and the potential to assist decision makers in arriving at better informed choices in the field of IFRM. In order to bridge the gap between the presented recommendation and its application to reality this study suggested several applications in which scenarios are explicitly able to support a policy making process that is integrated, sustainable and interactive. They all have the common goal to create a shared understanding used to support the implementation of measures particularly aiming at prevention and preparedness.
Similar to the IPCC emission scenarios it is suggested to develop flood risk scenarios for major European river basins to serve as a universal reference for policy development, testing the robustness of decisions and communicational purposes. The use of scenarios as a qualitative model driving the dynamics of the exogenous variables in which water-related models are embedded. This systematic linkage could have a significant impact on advancing the technique of integrated models and Decision Support Systems in the field of water resources management. The use of scenario studies to create a shared vision of the future of cities and regions, which are threatened by the exposure to flood risks. Participative elements are examples for good governance and useful to improve flood risk perception.
